Delta smelt catch responded to varying water tem-
perature fluctuations. Water temperature increased from
11°C to 19°C during the first three weeks of March. By
March 31 temperatures dropped to 10°C, remained below
13°C for one week and stayed below 16'C until April 18.
This drop in water temperature likely delayed spawning
during this period.

Four Pumps Mitigation Calculation Program
Updated

Jane Arnold

The four pumps mitigation calculation programs
developed in the 80’s have been updated for today’s faster
computers. The programs were developed in the days of
the VAX and took four software programs including SAS,
Lotus, dBase, and GWBasic. Calculating loss for salmon,
steelhead, and striped bass involved multiple and repeti-
tive steps in each type of software, an onerous and rather
dull task for the person running the programs. The
calculation has been reprogrammed to run entirely in PC
SAS which with modern computers takes 20 seconds
rather than hours upon hours to provide a final product.
Both methods of calculation produce results can only
differ slightly because of rounding.

Fish Treadmill Investigations Update
Ted Frink

UC Davis Hydraulics Laboratory is conducting re-
search on juvenile and small-size delta fishes’ swimming
ability and behavior during exposure to complex flow
regimes in front of a simulated large screened diversion
in a large circular flume, referred to as the “Fish Tread-
mill.” The Fish Treadmill is designed to provide control-
led flow, temperature, and light conditions in clear water
to allow continuous, detailed observation and video tape
recording of swimming performance and behavior dur-
ing the experiments. To date, more than 100, 2-hour long
experiments using delta smelt, splittail, and chinook
salmon (all under daylight conditions, 12 and 19°EC)
have been completed. Nighttime tests with small young-
of-the-year splittail at the 19°EC water temperature will
start in July.

In January 1998, UC Davis prepared and distributed
for review an annual progress and status report of the last

year’s research efforts and preliminary results of the 1997
experiments. The interim report is titled: Performance,

Behavior and Physiology of Delta Fishes in Variable Two-
Vector Flows — Progress Report to Department of Water
Resonrces. Some copies are still available through DWR-
ESO.

In June, UC Davis submitted a draft QAPP (Quality
Assurance Program Plan), following IEP direction, de-
tailing investigation and data acquisition QA/QC proce-
dures. Copies of the draft document are available through
UC Davis Fish Physiology Group or DWR-ESO.

Also, on June 17, DWR convened an annual review
meeting with the program consultants Ken Bates (Wash-
ington Department of Fish and Wildlife), Ned Taft (Al-
den Research Lab), and Rick Wantuck (NMFS) to review
the program and discuss current and future research
direction of the Fish Treadmill project. The DFG
Bay/Delta Special Water Projects Division personnel
participated in the meeting as well, and have continued
to provide support throughout the program.

The UC Davis researchers and Technical Advisory
Group for the Treadmill Project submitted a proposal on
April 29, 1998, to DWR for funding continuing research.
The draft proposal was distributed for review to inter-
agency personnel and program consultants; some com-
ments have been received and incorporated. Continuing
research is proposed for an additional 1.9 years, to be
completed in the year 2000.

Juvenile Salmon Monitoring Program

Erine Sauls

Beach seining was conducted at various sites on the
Sacramento River, San Joaquin River and Delta area
during the spring. No winter-run sized chinook were
captured between April 1 and June 30. Twenty-one late-
fall sized chinook were captured during this time as
compared to only one captured last year over the same

period.

In an effort to increase raw recovery numbers of
coded wire tagged chinook this spring, two daily shifts
of trawling were conducted at Chipps Island from April
16 - May 30, effectively doubling our effort of past years.
Including the VAMP recovery effort at Jersey Point and
recoveries at the south delta pumping facilities almost

continued on page 42

Thoughts on Adaptive Management
Jobn G. Williams

“Adaptive management” has entered California hy-
drospeak. Whatever it means, it sounds good. After all,
who would want to practice nonadaptive or maladaptive
management? Unfortunately, the meaning of the term
has been diluted in proportion to its popularity, so some
have questioned whether any useful meaning remains,
and a term that means different things to different people
can only lead to misunderstandings. Iargue that the term
does have an important meaning, so either that meaning
must be resurrected for adaptive management, or a new
term must be devised.

If “adaptive management” means anything, then it
must distinguish one kind of management from other
kinds. I propose that adaptive management has two
essential attributes: (1) it is a response to uncertainty
about the system being managed, and (2) actions are
designed, at least in part, to provide new information
about the system. Other attributes can and should v.
according to the system being managed and its political
context.

This definition distinguishes adaptive management
from “realtime” management, or management with a
flexible, trial and error approach, although many people
use the term with just those meanings. It also distin-
guishes a narrow meaning of adaptive management from
an elaboration of the concept known as “Adaptive Envi-
ronmental Assessment and Management,” or AEAM,
that involves a particular approach to implementing
adaptive management. AEAM seems appropriate for the
Bay/Delta, so it is tempting simply to call it adaptive
management, and indeed the two terms are sometimes
used interchangeably in the literature (e.g., Holling 1978;
Walters 1986, 1997). However, the importance of main-

taining a focus on uncertainty justifies distinguishing the

two and introducing yet another term. The distinction’

is well explained in an excellent article by Volkman and |~

McConnaha (1993), describing the application of adap-
tive management to the Columbia River:

In 1984, Professor Kai Lee, then a member of the [Pacific Power
Planning] Council, suggested that the [Columbia River salmon]
problem lent itself to the idea of adaptive management: the notion
that fish and wildlife measures should be seen as a series of
experiments, with formal expetimental designs to help answer
critical questions about the interactions of humans and the eco-
system. By structuring salmon recovery measures as experi-
ments, the Council could acknowledge scientific uncertainty, act
on reasonable hypotheses, and learn from the results.

Adaptive management can be a radical doctrine. With traditional

management, action is based on existing knowledge and estab-'

lished modes of operation. The course is altered if it appears
unproductive, but information is not sought aggressively or stra-
tegically, and when it is gathered, it is drawn from a relatively
narrow range of conditions. In contrast, adaptive management
implies an active search for key hypotheses and a commitment
to test them. In fisheries, adaptive management has been devel-
oped and applied largely within the harvest arena. Populations
might be deliberately over- or under-harvested, for example, to
examine the population’s response to harvest pressures.

In principle, the need to learn more about the effects of other
human activities on salmon recovery seemed no less compelling.
It was apparent, however, that the Council could not apply an
unadorned form of adaptive management even to the most critical
uncertainties involved in salmon recovery. Applying the theory on
a smaller scale, to harvest problems, is difficult: but it is at least
limited to a single constituency (harvesters) and distinct popula-
tion groups (chinook salmon off the coast of British Columbia, for
example). The idea of extending the concept to an ecosystem,
particularly an intensively-developed ecosystem such as the Co-
lumbia River Basin, promised a mare’s nest of controversies.

The solution proposed by Dr. Lee was based on a modification of
adaptive management called Adaptive Environmental Assess-
ment and Management (AEAM), developed by C.S. Holling and
his colleagues (Holling 1978). Holling’s notion stressed explicit
integration of scientific, economic, and social concernsinto efforts
addressing resource problems. Computer modeling and simula-
tion would demonstrate the potential effects of alternative man-
agement actions and scientific uncertainty. Scientists, managers,
policy makers, and the public, all bringing their own political,
economic, and cultural concerns, would come together in an
analytical process aimed at identifying appropriate cases for
scientific probing. No one would be forced to pretend that she
lives in a world where science alone matters. To the austere
principles of adaptive management, then, Holling added a social
process — a group conversation conducted with the help of
computer models, focusing on data, but mindful that dogma is not
far behind. '

The Importance of Uncertainty

- The concept of adaptive management of living re-
sources developed through the application of ideas from
engineering and decision theory, particularly to the regu-
lation of salmon harvest in the Pacific Northwest. As
described by Walters and Hilborn (1976) in a seminal
paper, “Adaptive control of fishing systems:”

This paper addresses the question of how harvesting decisions
should be modified to take account of statistical uncertainty. In
seeking a formal framework for dealing with this question, we
have been drawn to the literature on control system theory, where



the problem is addressed under the heading of “adaptive” or “dual”
control (citation omitted).

Harvest management typically involves one or a few
species. However, CALFED proposes the more difficult
task of managing an ecosystem, involving a greater order
of uncertainty. Healey (1997), citing O’Neil et al. (1986),
points out that there is an inherent unpredictability
about ecosystems because they are “medium number”
systems, made up of too many interacting subsytems to
deal with analytically, but of too few subsystems to deal
with in terms of averages. Healey also notes that ecosys-
tems may even behave chaotically in the mathematical
sense, whereby very small differences in initial conditions
can lead to very large differences in eventual outcomes.
In consequence:

The “unknowable” character of rivers and river basins is part of
their fascination as ecosystems. But their “unknowableness” also
means it is not possible to predict their behavior the way behavior
of structural materials in a bridge or the airfoil of a jet plane can
be predicted. Fortunately this does not mean that the goal of
ecosystem management must be abandoned. What It does mean
is that approaches to the management of ecosystems must differ
from approaches to the management of traffic on highways or the
exploitation of individual fish populations. In the latter two in-
stances, management is based on simple analytic models that
predict quantities (e.g., vehicles, fish) that can be accommodated
or harvested in a specified period of time. Such quantitative
statements about ecosystem behavior may never be possible.

Mangel et al. (1996) express a similar view:

~ By identifying things that are critical to a given ecosystem (such
as nutrient dynamics, life history parameters of critical species,
need for migratory pathways, and/or major external threats or
opportunities) one can design a management plan that accom-
modates a wide variety of human uses while preserving that
which is most critical for the continued viability of the ecosystem.
But a distinction must be made between managing a living
resource with an ecosystem approach and managing an ecosys-
tem. An individual species or population as a resource may be
managed while taking into account its interactions with other
elements of its ecosystem. This is resource management with an
ecosystem approach. Managing ecosystems, on the other hand,
means managing the entire system by integration of ecological,
economic, and social factors to control the biological and physical
systems (Wood 1994). Currently, this is difficult to do as an
informed activity (Slocombe 1993) because the concepts are ill
defined, great uncertainty exists about most ecosystems, and
methods are just developing.

The increasing recognition of the inherent uncer-

tainty associated with ecosystems is described in Appen-
dix I of Mangel et al. (1996):

The firstis a change in the way ecosystems are perceived. Some
call this “the new ecological paradigm.” It should be emphasized
that although the facts have been known by some ecologists,
other scientists, and managers for many years, it is only recently

that there is more widespread recognition of the knowledge.
Formerly, the dominant paradigm was that of an ecosystem that
was stable, closed, and internally regulated and behaved in a
deterministic manner. The new paradigm is of a much more open
system, one that is in a constant state of flux, usually without
long-term stability, and affected by a series of human and other,
often stochastic factors, many originating outside of the ecosys-
temitself. As a result the ecosystem is recognized as probabilistic
and multi-causal rather than deterministic and homeostatic; it is
characterized by uncertainty rather than the opposite.

The importance of uncertainty has been recognized
by the courts as well as scientists. After reviewing the
evidence on the flows needed to protect salmon and other

public trust resources of the American River, Judge
Hodge (1990) wrote that:

As with the water quality issue, it is the fact of uncertainty which
is left with the Court. There is simply no basis in the evidence for
a reasoned selection among various of the competing positions.
This represents not an abdication of court responsibility, but,
rather, a recognition of existing scientific reality.

An 1mportant essay in Science, “Uncertainty, re-
source exploitation and conservation, lessons from his-
tory” (Ludwig et al. 1993), listed five attributes of effective
resource management, culminating with:

5) Confront uncertainty. ... Most principles of decision-making
under uncertainty are common sense. We must consider a variety
of plausible hypotheses about the world; consider a variety of
possible strategies; favor actions that are robust to uncertainties;
hedge; favor actions that are informative; probe and experiment;
monitor results; update assessments and modify policy accord-
ingly; and favor actions that are reversible.

More recently, Castleberry et al. (1996) noted that the
basic arguments of the Ludwig et al. paper apply to
instream flow assessments, and emphasized the impor-
tance of acknowledging uncertainty:

At an April 1995 workshop in Davis, all 12 participants agreed that
currently no scientifically defensible method exists for defining the
instream flows need to protect particular species of fish or eco-
systems (citation omitted). We also agreed that acknowledging
this fact is an essential step in dealing rationally and effectively
with the problem. -

Similarly, acknowledging the fundamental uncer-
tainties about the Bay/Delta ecosystem is an essential
step in dealing rationally and effectively with its restora-
tion. The uncertainty problem is like a drinking prob-
lem; you have to admit that you have it in order to deal
with it.

Uncertainty and the Need to Act

Uncertainty is a two-edged sword. Historically, un-
certainty about the causes of environmental problems
worked to the benefit of the status quo. However, expe-

rience showed that the failure to act until the signal from
specific causes could be clearly distinguished from the
noise of ecological uncertainty put the environment at
too great a risk. In the language of statistics, traditional
policy emphasized the risk of acting on an incorrect
hypothesis about the cause of a problem, a “Type I” error,
but underemphasized the risk of failing to act on a correct
hypothesis, 2 “Type II” error (McAllister and Peterman
1992).

Because adaptive management recognizes ecological
uncertainty, it highlights the need to balance Type I and
Type Il errors. As a practical matter, this means acting
despite uncertainty; as noted in the third of five principles
of adaptive management that are commonly recognized,
although they do not all follow as strict logical conse-
quences of the definition given above. As stated suc-
cinctly by Hennessey (1994):

1. The purpose of adaptive management is the protection and
restoration of living resources.

2. Projects are experiments; the choice is to make them good
ones or bad ones. Some will fail; others will succeed.

3. Action is overdue. We do not delay action until enough is
known.

4. Information has value, not only as a basis for action, but as
a product of action.

5. Protection measures may be limited, but management is for-

ever. (Lee and Lawrence 1986; Holling 1978; Walters

1986)

Similarly, the first attribute of effective management
given by Ludwig et al. (1993) is “Act before scientific
consensus is achieved.”

Management as Experiments

Adaptive management treats management actions or
projects as experiments, and experiments require hy-

potheses to be tested. As stated by McAllister and Peter-,

man (1992):

“Hurlbert (1984) identified the components of an expetiment (1) a
hypothesis, (2) experimental design, (3) execution of experiment,
(4) data analysis, (5) interpretation of results. In this paper we are
primarily concerned with experimental design. Advocates of ex-
perimental management emphasize that before management
actions are taken, hypotheses should be clearly stated, possible
biological models should be described mathematically, and ex-
perimental designs should be carefully chosen (Walters and
Hilborn 1978; Walters 1986; Sainsbury 1988). Good experimen-
tal design is crucial to distinguish among alternative hypotheses
(Hurlbert 1984).

Designing good experiments is 2 major challenge, so
treating management actions as experiments Increases

rather than decreases the need for careful and creative
thinking. Treating actions as experiments also means
that managers should be held accountable for the design
and execution of their actions, and not just for the results,

since the results are assumed to be uncertain (Mangel et
al. 1996).

Although adaptive management treats management
actions as experiments, there can be more or less uncer-
tainty about the results of a project or action. For exam-
ple, there was not much uncertainty about the effect of
Friant Dam on the San Joaquin River spring-run chi-
nook salmon. Where there is not much uncertainty, not
much can be learned by treating an action as an experi-
ment. Moreover, all information is not equally useful, so
not all experiments are worth conducting, and a bad idea
cast as an experiment is still a bad idea.

Adaptive Environmental Assessment
and Management

The AEAM process is founded on the realization that
“The value of modeling in fields like biology has not been
to make precise predictions, but rather to provide clear
caricatures of nature against which to test and expand
experiences” (Walters 1986, p. 45). In consequence, the
greatest benefit from models in biology comes from what
is learned in the modeling process, and AEAM is a way
to involve diverse people in the modeling process, creat-
ing the “group process conducted with the help of com-
puter models” described by Volkman and McConnaha
(1993). Holling, Walters, and others developed a work-
shop process for this purpose that has had considerable
use, and is described at some length in Walters (1986). As
described briefly by Walters (1997) [although he uses the
term adaptive management instead of AEAM]:

... we generally use the term today to refer to a structured process
of “learning by doing” that involves much more than simply better
ecological monitoring and response to unexpected management

. impacts. In particular, it has been. repeatedly argued (Holling
1978; Van Winkle et al. 1997; Walters 1986) that [AEAM] should
begin with a concerted attempt to integrate existing interdiscipli-

+ nary experience and scientific information into dynamic models
that attempt to make predictions about the impacts of alternative
policies. This modeling step is intended to serve three functions:
(1) problem clarification and enhanced communication among
scientists, managers, and other stakeholders; (2) policy screening
to eliminate options that are most likely incapable of doing much
good due to inadequate scale or type of impact; and (3) identifi-
cation of key knowledge gaps that make model predictions sus-
pect.

Most often the knowledge gaps involve biophysical processes
and relationships that have defied traditional methods of scientific
investigation for various reasons, and most often it becomes
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apparent in the modeling process that the quickest, most effective
way to fill the gaps would be through focused, large scale “man-
agement experiments” that directly reveal process impacts at the
space-time scales where future management will actually take
place. The design of management experiments then becomes a
key second step in the adaptive management process, and a
whole new set of management issues arises about how to deal
with the costs and risks of large-scale expetimentation (Walters
and Green 1996). Indeed, AEAM modeling so regularly leads to
recommendations for management experiments that practitio-
ners like Walters (Univ. of British Columbia, pers. comm.) have
come to use the terms “adaptive management” and “experimental
management’ as synonymous. In shott, the modeling steps in
[AEAM] planning allows us, at least in principle, to replace man-
agement learning by trial and error (an evolutionary process) with
learning by careful tests (a process of directed selection).
From one point of view, anyone who thinks that he
or she understands how something work has a model of
it. Mathematical modeling has the virtues described by
Walters because it makes people be explicit about the way
that they think things work, and the numerical results of
running the resulting model provide a check on the
reasonableness or importance of theideas. AEAM seems
particularly attractive for management directed at spe-
cific species or ecosystem functions. However, complete
ecosystems are so complicated that developing models
that are useful “clear caricatures” for the whole system
may not be possible; at the least, they would involve even
greater degrees of abstraction. It may be more appropri-
ate to use different models for investigating different
aspects of the ecosystem, within a conceptual framework
that reminds us that each is incomplete.

Active and Passive Adaptive Management

Walters and Holling (1990) distinguish three types of
management that can be considered adaptive in any
sense:

(1) evolutionary or “trial and error,” in which early choices are
essentially haphazard, while later choices are made from a sub-
setthat gives better results; (2) passive adaptive, where historical
data available at any time are used to construct a single best
estimate or model for response, and the decision choice is based
on assuming this model is correct; or (3) active adaptive, where
data available at each time are used to structure a range of
alternative response models, and a policy choice is made that
reflects some computed balance between expected short-term
performance and the long-term value of knowing which alterna-
tive model (if any) is correct.

From a scientific or information-gathering point of
view, there are good reasons to favor an active adaptive
approach, which typically involves some deliberate
change in the management of the system that is large
enough to be informative. However, such large changes
may be politically infeasible, and small changes may
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produce little information despite being economically
disruptive.
P

This point is perhaps best explained by the example
of harvest management. Traditionally, management of
salmon harvest was based on the idea that the number of
young salmon “recruited” to the fishery is related to the
number of spawners by some non-linear curve that
reflects density-dependent mortality. With the classic
Ricker (1954) model, the curve is dome-shaped, such that
some number of spawners maximizes the number of
recruits, and either more or fewer spawners produces
fewer recruits. With the Beverton-Holt model, which
makes different assumptions about the nature of the
density-dependent processes that affect survival, the
number of recruits levels off as the number of spawners
increases, so beyond some number additional spawners
are in effect “excess,” but do not result in an absolute
decrease in the number of recruits.

"The obvious objective of harvest management is to
provide the optimum number of spawners; however, this
is generally an uncertain number. The number of recruits
is affected by many other factors besides the number of
spawners, and estimates of numbers are often of dubious
accuracy, so inevitably a plot of recruits over spawners
shows a great deal of scatter. Accordingly, there is uncer-
tainty regarding which of various spawner-recruit rela-
tions best describes the population of salmon in
question, and there is also uncertainty about the proper
values of the parameters of the various curves.

A straight-forward approach is to select the curve and
parameter values that best fit the available data on num-
bers of spawners and recruits, and calculate a “best guess”
optimum number of spawners. Then, harvest can be
managed to keep the number of spawners close to the
estimated optimum, and the numbers of spawners and
recruits can be monitored and used to refine the estimate
of the optimum number of spawners. This is what
Walters and Holling call a passive adaptive approach.

However, this approach gives rise to a dilemma. If
harvest is managed to keep the number of spawners close
to the original estimated optimum, then subsequent data
points will be affected mainly by other variables and
measurement errors, and will provide little additional
information about the optimum number of spawners.
An original bad guess may remain unrecognized, particu-
larly if the estimated optimum is too low, with a resulting
loss of part of the productive potential of the habita.
Managing the harvest to provide for small changes in the
number of spawners will not help much, either. On the
other hand, managing the harvest to allow some substan-

tially different number of spawners will entail large losses
if the original estimate is close to correct, and these losses
must be weighed against the potential value of the infor-
mation gained by the experimental harvest.

Presumably, this dilemma generalizes from the rela-
tively simple case of harvest management to more com-
plex questions of ecosystem management. However,
doing the balancing for harvest management is compli-
cated enough (Walters and Hilborn 1976), and it is not
clear that it is even possible for other situations except by
essentially political decisions. For such reasons, there is
a strong temptation to try passive rather than active
adaptive management.

There may be an escape from this dilemma when
there is significant natural variation in the system of
interest. For example, there is substantial year-to-year
variation in delta outflow, regardless of management.
There is inconvenience, expense and delay associated
with monitoring the system over a long enough period
for uncontrolled variation to cover a range of conditions,
and there is more danger that study results will be
confounded by co-variation among variables, or by long-
term changes in the environment. However, these disad-
vantages may be small compared to the problems
associated with deliberate major changes in management.

Monitoring for Adaptive Management

For management actions to be treated as experiments,
there must be a way to measure the response of the system
being managed: a monitoring program. Good monitor-
ing is more difficult and more expensive than many
people realize. Many questions of interest concern small
organisms in large and often muddy rivers, and there is

no easy way to answer them. As noted in Appendix I of -

Mangel et al. (1996):

~ Two types of uncertainty are involved in living resource conser-
vation. The first could be considered “ecological uncertainty,”

which refers to the probabilistic nature of biological systems|"

discussed in the previous paragraph. [Quoted above.] The sec-
ond type is uncertainty in the estimation of parameters such as
abundance, birth and death rates, etc.: this is measurement
“uncertainty.” Both of these types of uncertainty are central
concerns to any model or management regime, and there is often
confusion between them when uncertainty is discussed.

Accordingly, it is important to consider ‘carefully
how well proposed monitoring programs can be expected
to detect the response of the system to experimental
management, which can often be done by computer
simulations (Ludwig and Walters 1985). If responses can
be detected only if they are very large, or after many years,

then the “experimental design” of the proposed manage-

ment should be reconsidered.

Good monitoring in adaptive management is also
important for three other reasons. First, unsuccessful but
politically attractive measures may be repeated if failures
are not recognized (Kondolf et al. 1996). Second, as noted
above, randomization and replication are ordinarily im-
possible in adaptive management experiments, so it is
important to monitor potential confounding factors.
The Vernalis Adaptive Management Program, for exam-
ple, will test the effect of different flow and export rates
on the survival of juvenile chinook salmon in the San
Joaquin River. Survival will be measured by releases of
coded-wire tagged hatchery smolts. However, it seems
sensible also to monitor potential confounding factors
such as water temperature, measures of the condition of
the smolts at release and at recapture, indicators of expo-
sure to toxics, etc. Besides reducing uncertainty in the
interpretation of the results of the main experiment, such

data can also be useful for testing hypotheses about the

mechanisms by which the alternative management re-
gimes effect smolt survival. Third, science advances by
observations as well as by experiments, and observations
often provide the inspiration for experiments (Power et
al., in press).

Scientific Difficulties with
Adaptive Management:

Doing good experiments is difficult even in the con-
trolled conditions of a laboratory, and it is much more
difficult in the field. Writing about ecological studies
generally, Hilborn and Mangel (1997) point out that:

..the following attributes of ecological systems often make experi-
ments difficult:
—Long time scales: Many ecological systems have times scales
of years or decades
—Poor replication: Many ecological systems are difficult to repli-
cate, and replicates are karely, if ever, perfect
'—Inability to control: One can rarely, if ever, control all aspects of
an ecological experiment
Because of these factors it is often harder to get clear, unambi-
guous results in ecological experiments (cf. Shradder-Frechette
and McCoy 1992).

The same difficulties apply, usually more strongly, to
adaptive management experiments. Management experi-
ments that involve only part of a system or a short period
of time may fail to detect or recognize unanticipated
factors that can render the experiment not just invalid
but also misleading. For example, many biologists now
believe that the survival rate of salmon in the ocean varies

over a timescale of decades (Pearcy 1997). Experimental



management of freshwater habitat during a period of
changing ocean survival could easily give misleading
results if the experiment were monitored only in terms
of numbers of adults. Field experiments with small
spatial scales can give similarly misleading results (Peter-
man 1991; Walters 1997).

Replication is also a problem. There is only one
Stanislaus River, so it is not possible to replicate experi-
mental management of the Stanislaus. Experimental
management of the Toulumne and the Merced rivers
could be useful approximations to such replication, but
would not be the real thing, and although it might be the
best that can be done, the meaning of the results of such
experimental management will be to some degree com-
promised. Measurement uncertainty adds to the difficul-
ties.

There is no easy solution to these problems, so it is
not reasonable to expect adaptive management experi-
ments to produce unambiguous results within a few
years. On the positive side, analytical and statistical
methods have been developed or applied in ecology (e.g.,
Hilborn and Mangel 1997) that could be applied as well
to adaptive management. However, these methods, such
as Bayesian statistics, are unfamiliar to most scientists
working on Bay/Delta issues.

Political Difficulties with Adaptive Management

~ Resource management is complicated by social as
well as scientific uncertainty (Halbert 1993), and even in
the context of fisheries, adaptive management can fail
through unanticipated social responses to management
experiments. As noted by Volkman and McCannaha
(1993), applying adaptive management to ecosystems
promises “a mare’s nest of controversies:”

The notion that we are willing to take dramatic steps in order to
learn — to create control cases, and then to depart sharply from
them — can, in a high-stakes setting like the Columbia River, be
exceedingly problematic. It is difficult to convince people of the
wisdom of investing public funds, or risking harm to a species on
the brink of extinction, while embracing the scientific method's
root principle that failure is not only possible, but likely, and may
be necessary in order to learn.

The notion that we place a high value on learning ignores the fact
that in some instances, ignorance has value. As long as key
questions are open, parties remain free to take political positions.
In the long term, the truth may set us free, but in the short term,
it can reduce our room to maneuver. “Good science” becomes
that which supports one’s position.

The supposition that we are willing to wait patiently for answers
that may take decades to determine, runs against the grain of
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politics. If salmon are declining, the political impulse is to change
course, regardless of whether we understand the problem.

Good science can run into equity considerations. Is it fair to ask
Indian tribes, whose harvest has been in sharp decline for dec-
ades, to go slow on hatchery technology that has fueled non-In-
dian harvest for decades because we need to explore the
long-term effects on salmon populations.

All of these factors point to a simple, but very hard lesson: adaptive
management does not take these decisions out of the political
arena. Decision makers still have to gain political support to test
important hypotheses. All of the aversion to risk and expense, the
impatience with slow answers, the uses of ignorance, the bureau-
cratic inertia from all quarters, and the fear of failure still come into
play. Adaptive management does not allow us to escape unsci-
entific pressures.

Conclusions

Adaptive management as described here is a bitter
pill, and despite its therapeutic benefits is accordingly
difficult to implement. On the one hand, scientists must
acknowledge that in some sense they do not know what
is going on, and managers must acknowledge that in a
similar sense they do not know what they are doing; on
the other hand, those subject to management actions
must acknowledge that uncertainty does not justify in-
action. - All must accept that progress will be slow, and
that substantial sums must be allocated to monitoring
and evaluation, probably at the expense of additional
restoration efforts. Only the alternatives are less palat-

able.
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meeting.

Third Delta Smelt Workshop is Set for October

The Third Delta Smelt Workshop is scheduled for October 1-2, 1998. A location will be chosen based
on the number of responses to this announcement and an earlier e-mail solicitation of interest. The workshop
will provide updates on the progress in understanding delta smelt biology since early 1996, when the last

The first day of the workshop will consist of presentations of new and ongoing work regarding delta
smelt biology. A panel discussion will occur toward the end of the day. The second day will consist of a
one-half day meeting of technical experts to discuss the nuts and bolts of delta smelt monitoring and research.
The first day is open to all interested individuals. The second day is limited to technical experts with direct
involvement in planning or implementing delta smelt projects.

Products expected from the workshop include-_van IEP newsletter article, and an,IEP technical report
including abstracts of the presentations, a complete delta smelt bibliography, a summary of the meeting by -
one or more of the Science Advisory Group, and a summary of issues discussed at the second day of the

If you are interested in attending and DID NOT respond to the earlier e-mail solicitation of interest,
please send a note, preferable via e-mail, to Larry Brown, U.S. Bureau of Reclamation, 2800 Cottage Way,
Sacramento, CA, 95825, Phone: 916-978-5043, FAX: 916-978-5055, e-mail: lbrown@mp.usbr.gov. A final
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